Introduction
Multiple sclerosis (MS) is a chronic neurological condition affecting young adults during critical years of work life. It is well known that MS is associated with a heavy economic burden coupled with a decreased ability to remain in the work force. The loss of employment brings detrimental consequences to patients and families with respect to short-term and long-term economic, psychosocial and healthcare utilization domains [27] .
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■ Key words multiple sclerosis · disability · employment · rehabilitation unemployment has been associated with decreased ambulation and mobility in relation to changes in work status [3, 11] , longer disease duration [2, 4] , and a progressive disease course [17, 41] . Specific symptoms such as fatigue [10, 11, 40] , perceived levels of cognitive dysfunction [9] , and poorer performance on neuropsychological tests have also been associated with employment problems in MS [3, 34, 40] . Specific patient demographic characteristics are often associated with employment loss in MS, including older age and lower educational attainment [3, 6, 22] . Some studies have reported women are at greater risk for work loss [9, 22] , but some have also found men to be at increased risk for work loss [6] .
While there is a growing literature on factors associated with employment status in patients with MS, there are also a number of shortcomings in this literature. Most studies to date have been cross sectional, as opposed to predictive. In addition, research has focused exclusively on patients leaving the workforce with virtually no attention to the possibility that patients re-enter the workforce. MS is a condition that predominantly affects women, particularly those of childbearing age. Therefore, work status in MS may be a dynamic process and there are likely transitions both out of, but also into the workforce. The purpose of this investigation was to evaluate patient and disease characteristics as temporal predictors of work cessation and re-entry into the work force. This investigation was conducted as a secondary data analysis of self-reported data from the North American Research Committee on Multiple Sclerosis (NAR-COMS) patient registry.
Methods

■ NARCOMS MS Patient Registry and selection criteria
Beginning in 1996, the Consortium of MS Centers in collaboration with Yale University initiated the NARCOMS MS Patient Registry. The overarching goal of this registry was to facilitate clinical and epidemiological research in MS [42] . The NARCOMS registry is a patient driven database, with self-reported information collected semi-annually through the internet or through mail survey forms.
The inclusion criterion to participate in NARCOMS is a diagnosis of MS. Data collected include demographic information, healthcare insurance status, MS related medical history, the use of disease modifying therapies for MS, symptomatic therapies, and healthcare service utilization.
For the purposes of this study, NARCOMS registry patients were selected based on two criteria. Patients less than 64 were included to exclude people who are not working due to retiring. Patients also had to have available employment data for two subsequent time periods.
■ Disability measurement Patient Determined Disease Steps (PDDS)
The PDDS is an 8-level measure of disability (0 = normal to 8 = bedridden) that, like the analog provider administered EDSS [20] , is predominantly influenced by gait and ambulation disturbances. The PDDS correlates highly with the EDSS (spearman r = 0.93) [39] .
■ Performance scales
The performance scales reflect disability in specific functional domains: mobility, hand function, fatigue, vision, cognitive, sensory, pain, bladder function, and spasticity [39] . Disability is rated by the participants on a scale of 0 (normal) to 5 (total disability) for each of the domains except mobility, which ranges from 0 to 6.
■ Statistical analyses
Analyses were conducted with the use of the Intercooled STATA statistical package version 8.2 (StataCorp, LP, College Station, TX). Group comparisons were conducted using t-test or chi-square for continuous and categorical variables, respectively. Multivariate logistic regressions were conducted to determine the contribution of each predictor variable on the change from employed to unemployed status between the two time-points as well as the change from unemployed to employed. In order to determine the strength of the intercorrelations among related predictors, Multicollinearity was assessed for each logistic regression model using the collin function in STATA. The commonly utilized variance inflation factor (VIF) and Tolerance techniques were utilized to detect predictor variables that were highly intercorrelated, creating redundancy in predictors and subsequent proportion of variance accounted for. Variables were dropped if the VIF was greater or equal to 10 or the Tolerance was less than 0.1.
Results
■ Demographics, disease status, and disability characteristics across employment status groups
The selection criteria resulted in a sample of 8,867 NAR-COMS registry participants. These participants were very similar across demographic characteristics compared to previous investigations utilizing larger subsets of NARCOMS participants [14, 25, 26, 43] . For the entire subgroup, the mean age was 47.60 ± 8.59, participants were 75 % female, and 93 % Caucasian. Group comparisons using t-tests or chi-square statistics for continuous and categorical variables, respectively, among demographic characteristics across employment status ( Table 1 ), revealed that when compared to participants reporting unemployment, employed participants were younger (p < 0.0001), more likely to be female (p < 0.001), more likely to be Caucasian (p < 0.0001), and had greater levels of educational attainment (p < 0.0001).
Group comparisons of patient and disease characteristics across groups indicate that a greater proportion of unemployed patients report worsening of symptoms in the past 6 months (Table 1 ). In addition, unemployed participants had a significantly higher PDDS (p < 0.0001), and greater reported disability across all functional domains on the performance scales (p < 0.0001 for all).
■ Employment status from Times 1 and 2
Transitions in employment status are displayed in Fig. 1 . Time 1 reflects the first assessment period with employment data reported, and Time 2 reflects the next subsequent period with employment data reported (mean lag = 1.56 ± 0.53 years). At Time 1, 43.8 % of participants were employed, decreasing to 41.1 % at Time 2. From Time 1 to Time 2 487 (12.5 % of those working; 6 % of entire sample) stopped working, while 250 (5.0 % of those not working; 3 % of entire sample) began working.
■ Predictors of work loss between Times 1 and 2
Logistic regression analyses (Table 2) were conducted using all of the above demographic, patient and disease characteristics, and disability status as predictors of work loss between Time 1 and Time 2 among patients who were employed at Time 1. None of the predictors met thresholds for multicollinearity and were retained in the model. Educational attainment and age emerged as the only demographic characteristics that were significantly predictive of employment loss at Time 2, with greater levels of education being protective against work loss (OR 0.63, CI 0.51-0.77, p < 0.0001) and older age predicting work loss (OR 1.02, CI 1.01-1.03, p < 0.01). Other demographic predictors including ethnicity and gender were not significantly predictive of work loss.
After accounting for demographic variables, patient and disease characteristics, PDDS, and performance scales were entered into the logistic regression model. Reported worsening of symptoms over the past 6 months was significantly predictive of employment loss (OR 1.41, CI 1.11-1.79, p < 0.01). Disease course and symptoms duration were not significantly predictive of employment loss. In addition, the PDDS also did not significantly predict work loss. Four of the performance scales evaluating specific symptoms were significantly predictive of work loss including mobility problems (OR 1. 
■ Predictors of work initiation between Times 1 and 2
Logistic regression analyses (Table 3) were conducted using all of the above demographic, patient and disease characteristics, and disability status as predictors of work initiation between Time 1 and Time 2 among patients who were not employed at Time 1. None of the variables met thresholds for multicollinearity and were retained in the model. Age and educational attainment emerged as demographic characteristics significantly predictive of employment initiation at Time 2, with greater levels of education being predictive of work initiation (for educational level College or Post-graduate degree OR 2.38, CI 1.80-3.13, p < 0.0001); and younger aged individuals more likely to initiate work (OR 0.93, CI 0.91-0.95, p < 0.0001). Other demographic predictors, including ethnicity and gender, were not significantly predictive of work initiation.
After accounting for demographic variables, patient and disease characteristics, PDDS, and performance scales were entered into the logistic regression model. Disease course, worsening symptoms, and PDDS did not predict initiation of work. Three of the performance scales evaluating specific symptoms were significantly predictive of work initiation including reduced mobility problems (OR 0.82, CI 0.69-0.98, p < 0.05), reduced hand function problems (OR 0.83 CI 0.71-0.97, p < 0.05), and reduced cognitive problems (OR 0.83, CI 0.71-0.96, p < 0.05). Problems with fatigue, vision, bladder or bowel, sensory functioning, spasticity, and pain were not significantly predictive of employment initiation.
Discussion
The purpose of this investigation was to evaluate employment status and predictors of transitions into and out of the work force in a large cohort of persons with MS. The cross-sectional analyses were largely consistent with previous work. Unemployment rates of 56-58 % were consistent with other studies, although these do vary considerably from 24 to 80 % [5, 6, 13, 16, 17, 19, 21, 28, 30, 31, [35] [36] [37] 40] . Our associations between demographic variables (increased age, decreased education, and non-white ethnicity) and MS-related factors (worsening of symptoms, greater disability as measured by the PDDS, and increased disability in all performance domains including mobility, hand function, vision, fatigue, cognitive, bladder/ bowel, sensory, spasticity, pain and depression) were also consistent with existing crosssectional studies [3, 6, 22, 31, 40] .
Unlike previous work, this study examined both exit and entry into the workforce. Over the course of two sequential NARCOMS assessment time points, fluctuations were observed both into and out of the workforce; however, twice the number of patients left the workforce (6 % of the entire sample) than entered the workforce (3 %). This finding suggests that employment status is a dynamic process in which patients leave and possibly re-enter the work force. We therefore examined predictors of both of these transitions. A number of demographic and disease characteristics predicted subsequent loss of employment. Similar to many studies, low educational attainment is associated with increased risk of subsequent work loss, which is generally interpreted in terms of the protective attributes of greater education [8, 32] . Specific disease characteristics were also predictive of employment loss, including mobility, hand function, fatigue and perceived cognitive impairment. The impact of hand function on employment likely reflects the universal occupational demands on hands across labor domains. The impact of fatigue on employment is very consistent with other studies [10, 11] . The impact of perceived cognitive impairment is also consistent with other studies in MS [9] . While correlations between perceptions of cognitive dysfunction and performance on objective cognitive measures vary [18, 23, 24] , studies of employment in MS that include neuropsychological testing yield very similar findings [3, 34, 40] . Finally, mobility was predictive of employment loss, which remains consistent with previous work [3, 11] .
Similar to previous studies, global measures of disability, in this case the PDDS were associated with unemployment status (e.g., the EDSS) [1, 6, 7, 12, 22, 31, 40] . However, the PDDS was not predictive of work loss over time. This suggests that although global indices of functioning can discriminate between patients who are employed and not employed, more specificity in the assessment of MS symptoms and their impact is required to predict the future loss of employment.
Many of the factors predicting re-entry to the work place mirror those that predict loss of employment including greater levels of educational attainment predict re-entry and younger age. The specific MS related problems that were significantly predictive of re-entry into the workforce included fewer mobility problems, fewer hand function problems and less perceived cognitive difficulties. Unlike loss of employment, patient reported fatigue was not significantly associated with obtaining employment. These results suggest that not only are these symptoms predictive of work cessation, but decreased problems in these areas are associated with work initiation. Also similar to the analysis on predictors of employment loss, overall measures of disability did not predict which patients entered the work force. This again suggests that predicting entry into the work force requires greater specificity.
A number of limitations in this study must be mentioned. First, employment data and longitudinal followup were not available on the full NARCOMS sample. While employment data were not collected for some of the sample, some patients did not complete the employment items, and others were lost to follow-up, which may attenuate the generalizability of our findings. However, the subsample of over 8,000 subjects with all complete data represents one of the largest studies to date evaluating employment status in MS. In addition, the interval between Time 1 and 2 is relatively short, and perhaps future studies may prospectively evaluate employment transitions over a longer period of time (e.g., 5 years, 10 years). Another limitation of these analyses is that the cause of employment loss or attainment is un- [17, 33] . Changes in labor force participation and other employment characteristics other than unemployment status are not captured in these analyses. There is evidence for both quantitative and qualitative changes in the work life of MS patients that are not captured in this investigation. For example, there is evidence that patients with MS experience inhibition in overall career development [38] . Additionally, prior to leaving the work force, many patients first experience MS-related changes including a decrease in the number of hours worked, changes in job characteristics, and the need to decrease job related demands [40] . Future studies characterizing such changes in work force participation are warranted.
In conclusion, these data suggest that close to 60 % of this NARCOMS registry cohort, aged 64 or under at a mean age of 47, are unemployed. Over an average period of 18 months, 6 % percent of the sample (12.5 % of employed sample) became unemployed and 3 % (5 % of those not working) gained employment. Twice the number of registry participants appears to be leaving the workforce compared to those entering. As expected, patients with worsening symptoms are particularly at risk for future employment loss. One important implication of this investigation is that employment should be considered a dynamic process. While some patients may simply leave work permanently, others may experience a period of time in which they cease working, and then subsequently resume. Understanding the factors related to leaving and re-entering the workforce is critical to improving our ability to intervene on behalf of patients.
The second important point is the observation that specific symptoms predict employment loss, better than general estimates of disability. These findings have implications for the improvement of functional domains within both the work and rehabilitation setting. First, employers could provide accommodations to address specific limitations including increased flexibility in work hours and breaks during regular intervals for MS patients with fatigue. Ergonomic solutions to support hand limitations and reduced demands on ambulation could also be beneficial for specific physical limitations. In addition, cognitive dysfunction and fatigue can be addressed in the occupational therapy or rehabilitation setting with specific skills training, improving coping mechanisms, compensatory strategies, or cognitive rehabilitation. This investigation suggests that patients with improved functioning in these domains are more likely to maintain employment or even initiate employment.
Early work cessation or reduction of involvement in the labor force can cause considerable difficulties for persons with MS across economic, health insurance status, and psychosocial domains. MS related symptoms and limitations should be considered in tandem with workplace demands and job characteristics in order to promote maintenance of employment.
